The nucleotide sequence of lilac ring motile ilarvirus (LRMV) RNA 3 consists of 2287 nucleotides and contains two open reading frames (ORF). The first encodes a putative translation product of 285 amino acids (M r 31308) and the second encodes a putative translation product of 206 amino acids (M r 22 751). The 3' terminal nucleotides can be folded into a loop structure similar to models proposed for other ilarviruses, although the last four nucleotides are UCGC not AUGC. The absence of the terminal AUGC motif in both LRMV and two isolates of apple mosaic ilarvirus (ApMV) provides circumstantial evidence which confirms the importance of AUGC motifs upstream of the terminal AUGC in the protein binding function associated with these models. Although the 3' terminal structure of LRMV exhibits similarities to that of ApMV, comparison of the putative translation products of the two ORFs with similar products for other ilarviruses showed greatest identity with citrus leaf rugose (CiLRV) and citrus variegation (CW) ilarviruses both of which are members of subgroup 2 of this genus. Thus it is proposed that LRMV be reassigned to subgroup 2 rather than remaining in its current subgroup, 7, or being reassigned to subgroup 3 which contains ApMV.
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Lilac ring mottle virus (LRMV) was first described and characterized by van der Meer et al. (1976) . It shares some of the properties of the members of the genus Ilarvirus, namely: four RNAs with M r values of 1.2, 1" 1, 0-9 and 0-4x 10 ~ and irregularly shaped isometric particles with some heterogeneity in size. The virus is strongly immunogenic but in serological tests did not exhibit any relationship with prunus necrotic ringspot (PNRSV), tobacco streak (TSV), elm mottle (EMV) and apple mosaic (ApMV) ilarviruses (van der Meer & Huttinga, 1979) . Zuidema & Jaspars (1984) have proposed a model for the secondary structure of the 3' terminal regions of TSV and the closely related alfalfa mosaic virus (A1MV). In this model, hairpin (stem-loop) structures are stabilized by the presence of AUGC motifs with the terminal four nucleotides being AUGC. This secondary structure was proposed as being involved in the 'genome activation' common to both ilarviruses and A1MV in which the presence of either RNA 4 or the coat protein of the virus is required to initiate infection (van Vloten-Doting, 1975) . In a subsequent report the 97 nucleotides at the 3' terminus of LRMV were described and shown to form a structure similar to that found in TSV and A1MV (Bol et al., 1985) . However, the four nucleotides at the 3' terminus of LRMV were ACGC rather than AUGC.
Two recent reports have examined extensively the secondary structure at the 3' terminus of A1MV and its involvement in protein binding. Houser- concluded that the coat proteins of both A1MV and ilarviruses ' recognize invariant AUGC sequences in the context of conserved structural elements'. Moreover, it appeared that it is the penultimate AUGC motif (nt 865-868 in RNA 4) which is essential for protein binding in A1MV. Reusken et al. (1994) identified 'a minimum of two specific binding sites for CP (coat protein) near the 3' end of RNA 3 '. Site 1 was proximal to the 3' terminus and included two AUGC motifs but not the terminal AUGC. The AUGC motifs in this site therefore corresponded to the penultimate and antepenultimate AUGC motifs in the Houser-Scott model. Site 2 was upstream of site 1 and also contained two AUGC motifs. Mutation of individual AUGC motifs to AGGC had different effects on the infectivity of RNA 3. Mutation of the terminal AUGC had little effect, whereas, mutation of the penultimate site strongly reduced infectivity and mutation of the antepenultimate site abolished infectivity. Mutation of the AUGC motifs in site 2 also had little effect on infectivity of RNA 3.
In comparing the A1MV sequence with published sequences of ilarviruses [TSV -Cornelissen et al. (1984) , 1994) . The small fragment of sequence of LRMV (Bol et al., 1985) in which a terminal AUGC was lacking was a notable exception to this. Subsequently, two sequences for ApMV were published in which AUGC motifs that stabilize the stem-loops are present but the four terminal nucleotides were AAGC (S~inchez-Navarro & P~illas, 1994) and GAGG (Alrefai et al.,1994) . In this paper we describe the complete sequence of the RNA 3 of LRMV and confirm that a 3' terminal structure similar to that described for other ilarviruses and A1MV can be formed. The absence of a terminal AUGC motif might suggest that this sequence most closely resembles that of ApMV. However, comparisons of the putative translation products of the two ORFs of the RNA 3 with similar products of other ilarviruses show that LRMV is most closely related to the subgroup 2 ilarviruses.
LRMV and antisera to the virus were the kind gift of Dr D.Z. Maat, Wageningen, The Netherlands. The virus was grown in Chenopodium quinoa and purified according to van der Meer et al. (1976) . Details of the procedures used for cloning and sequencing have been described previously Scott & Ge, 1995) . In essence, RNA was extracted from purified virions, polyadenylated, and cDNA was synthesized using oligo(dT)12_ls. The cDNA was cloned into the EcoRV site of pBluescript II SK(+) (pSK) plasmid vector (Stratagene). DNA was sequenced using an automated DNA 373A sequencer.
A single large clone, pLRMV-7, of approx. 2 kb was obtained and was sequenced completely in both directions using a combination of subcloning and synthetic oligonucleotide primers designed from the internal sequence. The 5' end of the sequence was determined directly from the RNA using the oligonucleotide 5' GCTAGCGATGAAATTCGTCC 3' as a primer.
Fragments of sequence were assembled using the software program GeneJockey and sequences were aligned and analysed by using the GAP, PILEUP and PRETTY procedures of the GCG software package (version 7).
The complete sequence of LRMV RNA 3 (Fig. 1 ) is 2287 nt in length and contains two ORFs. These code for putative translation products of 285 amino acids (Mr 31308) and 206 amino acids (M r 22751), respectively. The 5' untranslated region (UTR), the intergenic region and the 3' UTR are 344 nt, 153 nt and 309 nt in length, respectively. The 3' UTR contains five AUGC motifs the last of which occurs at positions 2269-2272. Comparing the terminal 97 nucleotides of our sequence for LRMV with that of Bol et al. (I985) indicated only two differences: A instead of U at position 2284 and G instead of A at position 2232. The terminal nucleotides of the 3' UTR of Our sequence can be folded to form a stem-loop structure that exhibits only a minor difference from the structure previously proposed for the 3' terminus of LRMV by Bol et al. The original structure has a bulge on the 3' arm of the second loop whereas in our structure a bulge occurs on the 5' arm of the same loop.
Comparisons of the putative translation products of both ORF 1 and ORF 2 with similar products from other ilarviruses and A1MV (Table 1) indicate that LRMV shows the greatest identity (39-49 %) for both ORFs with CiLRV and CVV. With other ilarviruses and A1MV, the identities are between 19 % and 27 %. When the products of ORF 1 (putative movement protein) for LRMV and the two citrus viruses were aligned and a consensus sequence generated (Fig. 2) there were regions of as many as nine amino acids which were conserved in all three proteins. Adopting a similar procedure for the products of ORF 2 (coat protein) showed no such conserved areas. However, if a simple multiple sequence alignment were made using the procedure PILEUP then areas where three or four amino acids were conserved in all three proteins could be found (Fig. 3) . These areas tended to occur most frequently in the middle of the proteins.
The sequence of the RNA 3 of LRMV shares many of the characteristics reported for other ilarviruses. The 5' and 3' UTRs and the intergenic region are all comparable The individual sequences were adjusted in length using the GAP procedure and then aligned and the consensus sequence produced using the PRETTY procedure. Amino acids in the consensus sequence which occur in all three proteins are in bold type and underlined. Fig. 3 . Comparison of the putative translation products of ORF 2 of LRMV, CiLRV and CVV. The sequences were aligned using the PILEUP procedure. Amino acids which occur in all three proteins are in bold type and underlined.
c~ in size to those described for the RNA 3 of TSV (Cornelissen et al., 1984) , PDV (Bachman et al., 1994) , and CiLRV and CVV (Scott & Ge, 1995) . The sizes of the putative translation products of the two ORFs are also in good agreement with those reported for other ilarviruses. In the 5' UTR, repeats of eight nucleotides (GAAUAUAU) occur. Three repeats of 15 nucleotides have been reported in the 5' UTR of PDV (Bachman et al., 1994) and three or four repeats of a 27-30 nucleotide sequence have been reported in the 5' UTRs of the strains of AIMV which have been sequenced (Langereis et al., 1986) . In contrast TSV, CiLRV and CVV contain no repeated sequences in the 5' UTR longer than five nucleotides (Cornelissen et al., 1984; Scott & Ge, 1995) . The repeats in PDV and A1MV are U-rich and share 52 % identity (Bachman et al., 1994) . However, although the repeats in LRMV are not U-rich they do bear a slight resemblance to the repeated sequences in the other two viruses.
Clearly the structures at the 3' terminus of LRMV are similar to those reported for other ilarviruses. However, as the last four nucleotides at the 3" terminus are UCGC not AUGC, LRMV differs from the majority of ilarviruses for which sequence data are available (Houser-Scott et al., 1994) and most closely resembles the sequences for ApMV (S~inchez-Navarro & Pfillas, 1994; Alrefai et al., 1994) in this respect. Huttinga & Mosch (1976) demonstrated that LRMV requires the presence of either coat protein or RNA 4 in order that infection can occur. However, there is no report in the literature of LRMV protein being able to cross-activate other ilarviruses. Gonsalves & Fulton (1977) showed that an isolate of ApMV (referred to by them as rose mosaic virus) was coat protein-dependent and could also cross-activate PNRSV. Thus the necessity for protein binding in these situations, plus the absence of the terminal AUGC motif in LRMV and the two isolates of ApMV, provide indirect confirmation that it is the AUGC motifs upstream of the Y-terminal AUGC which are essential for protein binding (Houser-Scott et al., 1994; Reusken et al., 1994) .
While the similarities in the Y-terminal structures would suggest that LRMV is closely related to ApMV the relationships of the movement protein and the coat protein would not support this. The subgroupings in the genus Ilarvirus are based on serological relationships (Francki et al., 1991) and while there is a clear relationship between CiLRV, CVV and EMV (subgroup 2) and between ApMV and PNRSV (subgroup 3) there is no relationship between LRMV and any of these viruses (van der Meer & Huttinga, 1979) . Neither have we been able to demonstrate such a relationship between either CiLRV or CVV and LRMV despite repeated serological assays. However, this may not be surprising when it is considered that the putative coat proteins of CVV and CiLRV share 65 % identity (Scott & Ge, 1995) whereas LRMV shares 42.4% and 39"1% identity with the coat proteins of CiLRV and CVV, respectively.
On the basis of the identity between the putative translation products of the two ORFs of LRMV and the two citrus viruses, LRMV should probably be considered to be a member of the subgroup 2 of the ilarviruses rather than being placed in a distinct group. If this is accepted then the recently reported Fragaria chiloensis ilarvirus (Spiegel et al., 1993) should also be placed in subgroup 2 as a serological relationship exists between it and LRMV.
